and transition metal oxides [3] .
Of the various systems reviewed in this article, the most extensive studies have been on the crystal structure transformations of inorganic sulfates. Accordingly, we have discussed this system at length. Stern and Weise [4] 53. tTo whom all correspondence should be addressed.
reviewed in the literature [5, 6] and some aspects were briefly presented in our earlier publications from NSRDS-NBS [2, 3] [7] and is even higher than the heat of fusion of Li 2 S04. This abnormality is possibly due to the high degree of disorder in the high temperature phase [3] . Substitution by 6 Li isotope lowers the T t by 0.7 K [24] .
Bridgman [25] 2.11 [6] Cs2 S04 II-I 940 0.600 ±0.13 [6, 7, 15] 0.50 [6] 986 [18] 993 [16] 2 [28] . DTA and x-ray diffraction studies by Gruver [29] confirm the reversible phase transformation around 873 K with a AT of 30 K.
Sodium sulfate. Na 2 S0 4 (IV), stable above 443 K and below 458 K is monoclinic [9] . Above 458 K the stable phase is Na 2 S0 4 (III). Frevel [30] Fischmeister [15] has shown Na 2 S0 4 (III) to possess an orthorhombic unit cell at room temperature with cell dimensions close to those by Frevel [30] . Fischmeister Kreidl and Simon [32] show only one high temperature transition (V-»I) a 511 K which occurs directly and reversibly in presence of water. According to Bird [33] the high temperature transition in dry Na 2 S 0 4 is irreversible. Rao and Gregor [34] , have shown the V -* I transition to be reversible even in dry Na2S0 4 . Moreau [14] found only three of the five previously observed forms in his DTA and x-ray diffraction investigations of Na 2 S0 4 . Dialatometric studies by Kracek and Gibson [11] High temperature x-ray diffraction and thermographic studies of Khlapova [35] reveal two hexagonal phases between 723 and 873 K. This supports Wyronboff [36] who had reported a high temperature transition in Na2S0 4 around 773 K. Simanov and Kirkina [37] [42] reported expansion discontinuities at 533 K in a and c parameters, at 633 K in a and 6 Moreau [14] however, detected only two transformations at 623 K and 723 K, respectively. The electrical conductivity measurements of Ramasastry and Acharyulu [46] show an anomaly at 678 K. Watanabe et al. [47] [45] and Pistorius [50] [53] . The electrical conductivity of CS2SO4 was found to be enhanced above 723 K [54] [56] [57] [58] [59] [60] [61] [62] [63] . Mathias and Remeika [64] [65] , however, reported the transformation to occur in the temperature range 237-244 K for single crystals and around 220 K for polycrystalline material. Singh [66] has studies the crystal structures of the room-temperature as well as the lowtemperature phases of (NH 4) 2 S04. The refinement of the room-temperature structure indicates that the actual crystal is a statistical mixture of two enantiomorphic states, the true symmetry being Pna2i rather than Pnam. Neutron diffraction studies of Singh [66] [67] notice an unusual shape of the dielectric constant versus temperature curve. The dielectric constant measured in the direction of the ferroelectric c axis was found not to depend on temperature in the paraelectric phase. Koptsik et al. [68] , however, show the dielectric constant to have a weak linear temperature dependence above T t . On the contrary, Unruh [70] and Oshima and Nakamura [71] have observed that the behaviour of dielectric constant is governed by the CurieWeiss law above T t ( T c ). Couture-Mathieu et al. [62] and Freymann [61] find a normal behaviour at high frequencies (i.e., the dielectric behaviour shows a radical change at some frequency between 10 kHz and 24 GHz); the lower limit of frequencies at which (NH 4 ) 2 S04 exhibits a normal type of dielectric behaviour occurs in MHz region [67] . The rate of warming and cooling the crystal near T t markedly affects the shape of the low frequency e versus temperature curve. Thus, with an extremely slow rate of temperature variation, normal dielectric behaviour is observed [72] . Bodi et al. [73] have studied the behaviour of the complex dielectric constant of unirradiated and gamma-irradiated ferroelectric ammonium sulfate in the microwave region as a function of temperature. They find T t to shift from 238 K to 226 K for the irradiated sample.
T t is also affected by the application of a dc electric field along the [110] direction of the crystal [74] and by the pressure under which the study is made [75] .
Hoshino et al. [67] , however, could not detect any noticeable shift of T t by any of the above effects.
These authors report spontaneous polarization below T t not to depend on temperature. Ikeda et al. [76] show that the anomalous temperature dependence of the dielectric constant, spontaneous polarization, spontaneous strain and elastic compliance can be explained in terms of the temperature dependence of the order parameter. Unruh [77] has found the spontaneous polarization to strictly depend on temperature. The NH7 ions in the paraelectric phase oscillate with large amplitudes and this continues even in the ferroelectric phase. At lower temperatures than T t , NHf ions show dual behaviour [78] . Consequently, changes in the orientation of dipoles are related to NH+ (I) and NH+ (II) ions and they can possibly affect the orientation of SO^2 ion with change in temperature. This leads to a temperature dependent P s [79] . The lattice parameters and birefringence of (NH 4 ) 2 S0 4 also show anomalous dependence on temperature [67, 80] . Anistratov and Martynov [81] show that the anomalies in birefringence at the T c (or T t ) are due to the spontaneous deformation of the crystal.
Around T t, electrical conductivity increases possibly because of the formation of cracks in the crystal near the transition [82] . Blinc and Levstek [83] [67] do not permit the ferroelectric properties of the crystal to be atributed to hydrogen bonding. Schutte and Heyns [85] find that the 2v 2 line at~3300 cm -1 disappears at T t . In this mode of vibration, the H-atoms move on the surface of a sphere whose radius is the N -
Raman studies by Bazhulin et al. [86] show that the intensity of bands depend on the orientation of the cyrstals during excitation of the spectra by natural and polarized light. Some additional bands besides those corresponding to the internal vibration of SO|" ion are also seen. Stekhanov and Gabrichidze [87] Rush and Taylor [89] show the rotational freedom of the ions to undergo only a very small change in passing through the transition. Bajorek et al. [90] found a jump in the variation of the elastic intensity at the T t in their neutron scattering study. Schlemper and Hamilton [91] [94] commenting on the controversy of the findings of Hamilton [95] and O'Reilly and Tsang [92, 93] held that the methods used were sensitive to different intervals of time. Table 2 gives the crystal structure data of the various phases.
Relevant data on some of the individual alkaline earth sulfates are presented below. [108] and Newmann [115] [119, 120] ; Berry and Kuntze [121] have reported the T t to be 665 K. This transformation does not involve a simple monotropy, but represents the precipitation of anhydrous CaS0 4 with the loss of interstitial water from the phase III solid solution [122] [125] . In their dilatometric studies, Samen and Tammann [126] had observed in 1903 that T1 2 S0 4 goes through a sharp volume change in the vicinity of 703 K. Fischmeister [127] Additional information regarding the phase transformation of these sulfates is given below:
Manganese sulfate. MnS0 4 shows a magnetic phase transition at 11.5 K which is the Neel temperature (T n ) [143] . Specific heat measurements [144] have confirmed thfs value of T N and in addition show three other peaks between 5 K and 11.5 K. Two of these peaks correspond to the two phase transitions theoretically predicted by Solyom [145] .
MnS0 4 H 2 0. The Neel temperature for MnS04 * H 2 0 has been reported to be 16 K [143] . Date [146] has reported some anomalies in the measurements of paramagnetic resonance and susceptibilities.
This sulfate showed no resonance absorption in the liquid helium temperature region but showed a strong paramagnetic resonance above liquid nitrogen temperature. The monohydrate exhibits strong exchange interaction as seen from the narrowness of the paramagnetic resonance lines [147] . [152] showed that CoS04 undergoes a ferromagnetic-antiferromagnetic transformation around 12 K ( T N ). Brown and Frazer [153] and Ballestracci et al. [154] reported the structure of the low and high temperature phases of CoS0 4 by neutron diffraction studies, confirming the earlier x-ray diffraction results.
Nickel sulfate. Borovik-Romanov et al. [148] found a maximum in magnetic susceptibility at 37 K characteristic of an antiferromagnetic transition. Curie-Weiss law was found to be obeyed in the temperature range 45-300 K. In the 14-34 [156] have found the Curie-Weiss law to be valid in the temperature range 90-600 K.
CuSO 4 • 5H20. Taylor and Klug [157] DTA measurements [158, 159] confirmed all these transitions to be second order. High temperature DTA investigations between 548 and 998 K [160] show no thermal anomaly. A number of workers [161] [162] [163] [164] [170] found that the susceptibilities measured in different directions with respect to the crystallographic axes follow a CurieWeiss law. The discrepancy between these and previous results [168] were attributed to temperature independent paramagnetism.
Zinc sulfate. DTA investigations of Gruver [29] [177] . Vesnin [178] reported an enantiotropic transformation around 843 K. He found this transformation to be rather slow.
Cadmium sulfate. Maksimova [171] These components belong to frozen in and rotating NH+ ions. [5] 4.
The Phosphates -Continued Small anomaly just before T t is possibly due to the prerotation caused by the loosening of the lattice structure. [7, 8] The The activation energy for the [7] ductivity reported at the T,.
cubic phase is less than that in orthorhombic phase.
Thermoelectric
A break in the curve a vs T is KC104 indicates an increase in [7] power noticed at T,.
a followed by a sharp de- Energy of activation for conduc- [7] ductivity observed at the T,. tion is less in cubic phase as compared to that of orthorhombic phase.
RbC10 4 shows an increase in a [7] power followed by a sharp decrease after the transformation.
IR spectro- 80 and 300 K No transformation [8] Magnetic susceptibility (89-723 K) X is independent of temperature. [9] Dielectric permitivity and loss From the behaviour of e' and e", the development of the transformation process in time can be followed and transition rate can be determined.
The effect of different variables on the polymorphic transformation can also be determined. [10] High pressure studies has been reported. [13] Thallium chromate [24] 
